Not only for horizontal wells with relatively long drainages, the margin between pore and fracture gradients are getting critical also for the ultra deep and deepwater applications. One factor that influences the ECD (Equivalent Circulating Density) which is effected by the drilling fluid's hydrostatic column and the frictional pressure losses along the flow circuit. The frictional pressure losses are the term that depends on the flow geometry, fluid rheological properties and last but not the least the flow rates. What industry approaches have considered so far, are based on the fact that the effects of the tool joints of the drillpipes are not necessarily taken into the consideration when the frictional pressure losses are calculated. An experienced drilling engineer in the field should always bear in mind that a single segment of a tool joint may not result in excessive frictional pressure loss individually. However knowing that there are hundreds of tool joints in a wellbore at a depth of
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rilling of a horizontal well to produce petroleum is a task which needs careful planning. The foremost advantage of an openhole horizontal well completion is having the pay zone with the least drilling damage. The first task whether a well can be completed in open hole is by knowing if the formation once drilled is competent enough so that it can remain intact or not. Once the formation is declared and/or proofed to be competent and drilling of the horizontal well is approved there should be enough time to ensure that all equipment and services are going to be available. This study synopsises a brief literature review regarding effects of tool joints during drilling. A diligently planned horizontal well design for Middle East formations is given in this study. The effects of tool joints on the drillpipes are taken into consideration for the calculation of frictional pressure losses in annulus and equivalent circulating density itself. The operational steps while drilling the horizontal well are synopsised in this manuscript, which can be a useful guide for future applications in various petroleum and gas fields. The study also includes frictional pressure calculations for non-newtonian fluids used in drilling operations. The results indicate whether while drilling a horizontal well the fracture gradient of the petroleum reservoir formation is exceeded or not. The study can be improved further by means of considering the effects of temperature on the behaviour of the drilling fluids.
joints of drill pipes on frictional pressure losses in annulus. They concluded that the presence of tool-joints in a wellbore substantially increases the annular pressure losses (up to 30 %).
Simoes et. al. [6] performed Computational Fluid Dynamics analysis to investigate the effects of tool joints on the annular frictional pressure losses. Their findings revealed that the presence of tool joints significantly increased the pressure gradient.
Jeong and Shah [7] analysed the tool joint effects for accurate frictional pressure loss calculations. Their research study composed of gathering experimental data conducted with three different fluids. They concluded that presence of tool joints on the annular frictional pressure losses is significant and an accurate prediction method has been proposed.
Previous research studies indicate that a sound planning is the key to success and the effects of tool joints is a requirement that has got to be considered to ensure a trouble free drilling activity for horizontal wells.
HORIZONTAL WELL DRILLING PRACTICES
Horizontal well drilling planning is a joint task. The planning is based on following trajectory definition and determination of drilling engineering related decisions. The subsurface team and drilling team is required to work in collaboration. A work flow for a horizontal well planning is given in Fig. 1 . The initial proposal originates from sub surface team as to where to drill the well. The directional plan is worked out jointly by the drilling team with the fine tuning until the formation tops are acceptable by the sub surface team. The casing points, drill string, hydraulics program and eventually the time estimate is prepared by the drilling team. The key to success in drilling operations is to keep things as simple as possible. 3000 m, the sum of the frictional pressure losses for all of the tool joint segments could result in additional substantial frictional pressure loss. It is that additional substantial frictional pressure loss which would increase the ECD and could be the very main reason for well to encounter drilling troubles.
LITERATURE REVIEW
Plenty of researches worked on horizontal drilling planning and openhole completions respectively. One of the most significant findings of the previous researchers is importance of paying attention to the to the details regarding geology, hydraulics and strength of materials when dealing with high angle wells and particularly horizontal wells Aguilera et. al. [1] . Horizontal drilling is only successful if everyone understands the objectives of different operations. It is known and as stated in API RP 13D [2] that in case of deviated wells there is no simple method that exists to calculate the contribution of the cuttings over the ECD (Equivalent Circulating Density). Hole inclinations between 30 degrees to 60 degrees are the most difficult holes to clean. This fact is due to the existence of unstable solid beds on the low side of the wellbore. The problem is the risk of having these unstable solids bed avalanching towards the bottom of the hole. However, downhole annular pressure measurements can be monitored to estimate the contribution of the cuttings over the static drilling fluid density.
Azar and Samuel [3] , stated that a number of mathematical models have been derived from a combination of experimental flow-loops to model hole cleaning. It is important to keep in consideration that the derived empirical equations are valid for the size configuration that their respective data has been acquired from. Scaling up the correlations to different hole geometries may introduce significant errors.
Viloria [4] conducted a research study on the analysis of drilling fluid rheology and tool joint effect to reduce the errors in hydraulics calculations. It has been indicated that the current API recommended drilling hydraulics calculation techniques do not include tool joint parameters. Thus the API calculations can be deemed as inaccurate. Their study revealed that the frictional pressure losses being affected by the tool joints of the drill pipes can be corrected by means of implementing appropriate practical methods.
Even though the equations in use of the industry does not account for the effect of the tool joints in hydraulic pressure loss calculations, it is known that effects of the tool joints are significantly important when it comes to observe the annular frictional pressure losses. Enfis et. al. [5] performed extensive experiments to study the effects of the tool An example geological prognosis including formation depths is as given in Table 1 . When planning a horizontal well to Mishrif Formation (Middle Cretaceous) porous formation, the overlying formations should be studied very carefully. In given formation top depths the thickness of Tanuma formation is 40 m. However since the penetration of the trajectory across this zone is going to be at a specific angle the course of penetration is going to be more than 40 m.
Most of the subsurface formations in Middle East
Geomarket are relatively flat for a considerable subsurface extend. This results in having similar drilling cases in significant number of wells. Fig. 2 gives the Stratigraphic column for Rumaila and Zubair Oilfields, Al-Ameri et al. [8] . The critical drilling planning requirement depends on knowing the specifications of the formations to be encountered. Widespread assumption in the Middle East Geomarket especially for vertical wells is that they could be drilled without many troubles. However this assumption is recommended to be addressed carefully not only for vertical wells, but especially for highly deviated and horizontal wells. The critical aspects for a selected list of formations which are deemed important are as listed as follows:
Dammam Formation (Dominating lithology Limestone): Dammam formation is fragile for this reason tripping best practices are required to be implemented. Generally the surface casing string is set to the top of this formation. Running speed of the casing is required to be calculated not to exceed surge pressures to prevent the breakage of the formation which can induce downhole losses.
Tayarat Formation (Dominating lithology Limestone):
Tayarat is known to be containing sulphurous water if kicks into the wellbore are going to result in a well control event.
Within the Middle East formations the Tayarat Formation is required to be drilled with a drilling fluid having a density of approximately 8.68 ppg.
Tanuma Formation (Dominating lithology Shale): Tanuma Formation is one of the most challenging formations especially if drilling at inclinations in excess of 60 degrees. Tanuma formation is highly unstable and is required to be drilled as fast as practically possible. The drilling fluid properties are required to be kept with the necessary ranges outlined in the program. If KCl (Potassium Chloride) drilling fluid is being used, the KCl concentration is to be monitored and accordingly kept as necessary. Back reaming and 
Directional Drilling Planning
The planning of a horizontal well necessitates a very careful study. The casing points are required to be appropriately selected, so that the casing shoes are placed into impermeable layers at the exit of which a competent seal is going to be achieved. Also it is very important that the exit of the casing shoe points for highly deviated and especially horizontal wells is strong enough. Under normal circumstances and especially in an unknown oil or gas field the casing points are required to be chosen by mean of kick tolerance calculations. Devereux [10] study indicated that the casing points should be selected so that the selected depths are going to allow kick tolerances to be maintained. The casing exit is required to be strong so that no problems such as washed formation are not going to be formed along the immediate exit of the casing shoe.
Planning of a horizontal well in 2-dimension is carried out by means of ensuring that build sections are planned in the manner that the downhole tools to be used are going to be able to perform the drilling activity. Fig. 3 gives the sketch of a 2-dimensional horizontal well. 
where B is the build up rate. The length of the hole is calculated by L, which is given in Equation 2;
where β ii and β i are the final and initial wellbore inclinations respectively. The vertical section of the wellbore is calculated by means of Equation 3:
The wellbore displacements are calculated using Equation 4:
The segment length of the build curve section is calculated using Equation 5:
The tangent section length of the wellbore where the inclination is not changing is calculated by using Equation 6 :
The Kick off, is the depth from which the wellbore deviates from vertical is calculated by means of Equation 7: KOP = TVD -(H 3 + H 2 + H 1 )
where H 2 can be calculated using Equation 8:
A 2-D directional plan to drill the horizontal well in the carbonate formations is as given in Table 2 . The depths are referenced to the formation tops given in Table 1 . The planning of a directional well is required to respect the casing depths. The kick off point in order to deviate the well is selected to be at 6120 ft within Hartha Formation; a depth at which no more downhole losses are expected. The hole section that the well is kicked off is 12 1/4". The kick off for a directional well is strongly suggested to be selected at a depth after which circulation losses are not expected. The wellbore is planned to be drilled with a build of 4 deg /100 ft until the wellbore penetrates Sadi Formation at 6639 ft TVD. The 9 5/8" casing depth is planned to be 50 ft beneath the Sadi Formation. One of the most critical sections of the wellbore is the section to be built in 8 1/2" hole section. The field practices show that the Tanuma formation is suggested to be penetrated with a maximum inclination of 55 degrees. For this reason starting from the 9 5/8" casing shoe the trajectory is planned to be built to 55 degrees with a rate of 4.38 deg/100 ft in 8 1/2" hole section. For this reason once the wellbore inclination is 55 degrees, the wellbore is drilled tangent down to the top of the Mishrif formation. The wellbore is deepened to accommodate the 7" liner at a depth that is 50 ft below the top of Mishrif formation. Once the 7" liner is safely set in place, the last wellbore section is 6". The planned build rate is 5 deg/100 ft so that the inclination can be brought up to almost 90 degrees. Once the horizontal section commenced to be drilled the section is planned to be drilled almost 2300 ft, so that the well drilling operations can be finalized. The well sketch f the planned 2D directional trajectory is depicted in Fig. 4 . The drawing gives the casing depths, formations, and well trajectory.
Calculation of Frictional Pressure Loss in Annulus
The frictional pressure loss equations presented by Adams and Charrier [11] are summarized in Fig. 5 . The given equations are observed to give reasonable results when compared with actual pressure readings. Eren et. al., [12] performed a comparison of actual and theoretical pressures in wellbores, and concluded that the frictional pressure losses along wellbores could be predicted at an accuracy of ±25%. The details of the equations are as explained in the following section.
The velocity across the annulus is calculated using the below Equation 9:
where q is the flow rate of the fluid. Plastic viscosity (μp) is the difference in between 600 rpm and 300 rpm readings of variable speed rheometer as presented in Equation  10 ; μ p = θ 600 -θ 300 (10) The yield point (τ y ) is calculated using the relation given in Equation 11; τ y = θ 300 -μ p (11) For each wellbore section a critical velocity (v c ) is required to be calculated using Equation 12 ;
where ρ is the density of the drilling fluid.
The pressure loss in the annulus is calculated by means of comparing the critical velocity with the actual velocity of the drilling fluid in the annulus.
If vannulus < vc the pressure loss is calculated for the frictional losses attributed to laminar flow as given in Equation 13;
where L is the interval length. 
where v annulus is with a "ft/s" in terms of unit of measure.
In the scope of this study the drilling fluid behaviour is assumed to be Bingham Plastic. In order to calculate the frictional pressure losses in the annular sections of a wellbore the first equation to be solved is the annular velocity. The flow behavior parameters; plastic viscosity and yield point parameters are also required to be calculated using the rheometer readings. The successive step is the calculation of critical velocity. The critical velocity is going to be compared in reference to the annular velocity, and depending on either being greater or less, the flow regime type is going to dictate which frictional pressure loss equation to be used. Having a critical velocity greater than the annular velocity would mean that the flow regime is turbulent and therefore the respective annular frictional pressure loss equation given for turbulent regimes is required to be used. The same logic is valid for critical velocities less than the annular velocities in the case of which laminar flow pressure loss equations are to be used.
In this study the last two wellbore sections of the planned horizontal well namely 8 1/2" and 6" sections are studied for the frictional pressure loss calculations. In today's information technology machinery it is possible to conduct complex calculations very quickly. Even though quick calcu- lations are easy to be performed, not all frictional pressure calculation studies take into account the tool joint (TJ) sections of the drill pipes in use. A generalized drillpipe drawing is given in Fig. 6 . The drawing of a drillpipe depicts the tool joint sections at the top and bottom parts of a drillpipe. The tool joint segments of a drillpipe are larger in diameter. API Specification 7 [13] gives the details of tool joint dimensions for drill pipe grades. In a single drillpipe joint, a total of 17 inches is the sum of pin and box tong space sections. The length of the geometrically enlarged tool joint sections contributes to the generation of additional frictional pressure loss along the annulus.
While circulating in a wellbore which includes joints of drill pipes, the drilling fluid initially after having gone through the Bottom Hole Assembly; flows through the tool Joint of the pin end, then flows through the body section of the drillpipe, and flows through the tool joint of the box end for each and every drillpipe in the drillstring. For a geometry combination in an 8 1/2" wellbore, 5" nominal OD drillpipe, and 6 5/8" OD tool joint, the scaled drawing is as given in Fig. 7 .
The flow area gets restricted to the brown color shaded area, when the fluid element passes across the tool joints. Under normal circumstances the frictional pressure loss calculations mostly assumed that the flow area across the drillpipe elements is the area between the 5" nominal OD of the pipe and wellbore diameter itself. the workstring with no tool joint upsets along the well bore. Whereas the workstring on which the tooljoint upsets are depicted (given as the lower drawing of Fig. 8 ) indicates the actual case of the string in the wellbore. The scaled drawing for a 3280 ft long drillstring clearly gives how the tool joints appear in a wellbore.
Representation of the Calculated Frictional Pressure Losses
The frictional pressure loss and the respective Equivalent Circulating Density (ECD) are calculated for three different combinations of flow behaviors and flow rates. The flow rates taken into account are 340, 382.5, 425 and eventually 500 gpm (gal/min). The scaled drawing of the drillstring for which the calculations are made is as depicted in Fig. 9 . The hydraulics analysis is conducted for the interval covering the previous (or otherwise the existing) casing shoe and targeted TD for the 8 1/2" wellbore section.
The first flow behavior group is PV=10 cp, and YP= 20 lbf/100ft 2 . The results of the first flow analysis, which can be considered as mild from the rheological properties perspective is as presented in Fig. 10 and Fig. 11 respectively for annular pressure drop and ECD. It is observed that for each of the four different flow rates, the influence of the tool joints is observed to have increased the frictional pressure loss in the annulus. Consequently the ECD for the case of tool joints is showing elevated magnitudes. Assuming a depleted pore gradient of 7.51 ppg as indicated in the PPFG (Pore Pressure Fracture Gradient) of South of Iraq in the study presented by Eren et. al., (2013) , it can be concluded that the loss of circulation is imminent.
The second group analysed is with the mild flow behaviors of a PV= 15 cp and YP= 25 lbf/100ft 2 . Fig. 12 and The third group analysed is with the high flow behaviors of a PV= 19 cp and YP= 31 lbf/100ft 2 . Fig. 14 
CONCLUSION
The planning of horizontal wells requires a very delicate study. In this research study the investigated aspects of horizontal well planning is presented. The geological prognosis of a well located in Iraq's Rumaila oil field is used for the planning of a horizontal well. Directional planning of the well is built on the formation details of the field. The selected build rates are based on practically applicable build rates for the similar oilfields.
The annular frictional pressure losses in the annulus are calculated using Non-Newtonian drilling fluid theoretical pressure loss equations. The tool joint sections of the drillpipes are also used as inputs in the calculations. The additional frictional pressure that is being generated is due to the restriction at each and every tool joint segment of a drillpipe. Calculation methodology is a novelty performed in the scope of this research study. It is can be observed that the ECD magnitudes being observed can be greater than the fracture gradients of the horizontal wells. The findings reveal that the annular frictional pressure losses, and ECD magnitudes especially for a flow rate of 500 gpm can be extremely high approaching to Leak Off values reported in the literature.
RECOMMENDATIONS
Here in this study the frictional pressure losses and ECD magnitudes are studied. What is recommended is to simulate a real case dataset and compare with the results. Effects of temperature as well as the effects of tool joints if incorporated are going to improve the accuracy of the hydraulics calculations. The contraction and expansion of the flow across the tool joint sections can also be incorporated for a further accurate study. 
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